1987 and reported to the Queensland Cancer Registry. Of 6,404 cases for whom we were able to obtain a contract address and the doctor's agreement, 1,924 index subjects were selected from 5,475 (85%) who responded to a brief one-page questionnaire about family history of melanoma.
The interaction between genotype and environment in disease aetiology is a key question for melanoma research, and for cancer research in general, and one which is best addressed by studying family groups (Martin et al., 1987; Dorman et al., 1988; Khoury et al., 1991) . Such studies commonly rely on the proband to report the attributes and exposures of family members who are unwilling to participate, difficult to trace, or deceased. Further, melanoma is sometimes fatal within a few years of diagnosis, and surviving relatives are usually the only source of information about the risk factors of deceased probands. Several authors have compared selfand surrogate-reported information on smoking, alcohol intake, diet, occupational exposures, sexual histories, psychiatric histories, and demographic characteristics (Thompson et al., 1982; Humble et al., 1984; McLaughlin et al., 1987; Coates et al., 1988; Hatch et al., 1991; Brown et al., 1991) , but there is currently no evidence to indicate the quality of surrogate reports of melanoma risk factors, such as skin colour, tanning ability, propensity to sunburn, and moliness.
This investigation compares surrogate reports with selfreports obtained during a study of familial melanoma in Queensland, Australia. Our aim was to evaluate both surrogate reports by probands about their families, and surrogate reports by relatives about probands. We assessed the potential for bias in comparisons between families with and without melanoma by contrasting the quality of surrogate information given by probands who reported a family history of melanoma with that given by probands who reported no such family history.
Materials and methods

Study subjects
The study was conducted as part of an investigation of genetic and environmental risk factors for melanoma in Queensland and New South Wales, Australia. This analysis is restricted to the Queensland data. We ascertained all 8, 339 first incident cases of melanoma (94% histologically confirmed) diagnosed in Queensland residents between 1982 and 1987 and reported to the Queensland Cancer Registry. Of 6,404 cases for whom we were able to obtain a contract address and the doctor's agreement, 1,924 index subjects were selected from 5,475 (85%) who responded to a brief one-page questionnaire about family history of melanoma.
The index subjects, here referred to as probands, comprised all cases who reported one or more first degree relatives with melanoma, and an equal sized random sample of cases who reported no first degree relatives with melanoma.
Data collection
Surrogate reports by probands about relatives A questionnaire was mailed to the probands, asking for information about standard melanoma risk factors for themselves and for their first degree relatives (parents, siblings, and children); the names and addresses of these relatives; and whether any relatives had had a melanoma diagnosed by a doctor. An abbreviated version of the risk factor questionnaire, asking about the same items but without cross-reporting on family members, was then mailed to the probands' living first degree relatives aged between 18 and 75 years. The standard risk factors studied were pigmentary traits (hair colour at age 21, and skin colour); sensitivity of the skin to the sun (average propensity to burn, ability to suntan, and tendency to acute sunburn); the number of episodes of painful sunburn; and a qualitative rating of the number of moles on the body (none, few, a moderate number, and very many moles, as represented in four graphical illustrations (Dubin et al., 1986) ). Questions were asked with identical wording in both versions of the risk factor questionnaire, except that a 'Don't know' category was included in most questions in which cross-reporting was required (see Appendix).
One thousand, two hundred and fifty-nine (65%) probands returned the cross-reporting questionnaire, of whom 1,242 named one or more first degree relatives. In many instances the same person was mentioned by more than one proband, and a total of 9,078 reported relatives comprised 8, 992 We measured concordance using the kappa statistic for the categorical variable hair colour (Fleiss, 1973) . For the other variables, which were all ordinal, we measured concordance using the polychoric correlation coefficient (Olsson, 1979) . The usual kappa statistic is not appropriate for ordinal data (MacLure & Willett, 1987) . The polychoric correlation coefficient measures the correlation between the distributions of the continuous traits assumed to underlie the ordinal measurement scales, and whose joint distribution is assumed to be bivariate normal (Martin et al., 1988) . It Polychoric correlation coefficients were computed using the statistical program PRELIS (Joreskog & S6rbom, 1986) .
Results
Agreement between probands' surrogate reports and relatives' self-reports was highest for the questions on hair colour at age 21, skin colour, average propensity to burn, and ability to tan: the kappa coefficient (hair colour), and polychoric correlation coefficients (skin colour, average propensity to burn, ability to tan) ranged from 0.55 to 0.60 (Table II) . Probands were less successful in reporting their relatives' number of moles (pc = 0.45), and tendency to acute sunburn (pc = 0.42), and agreement was lowest of all for the question on the number of episodes of painful sunburn during life (pc = 0.23). The frequency of blank or 'Don't know' responses by probands was highest for the questions on mole numbers and numbers of sunburns, reflecting the apparent difficulty probands had in answering these questions for their relatives (Table I) .
Correlations were similar when we compared relatives' surrogate reports with probands' self-reports (Table II) . For example, the kappa coefficient for hair colour was 0.54 for relatives reporting on probands, and 0.55 for probands reporting on relatives. Relatives gave somewhat better surrogate information than did probands for some items (skin colour, average propensity to burn, number of sunburns), and worse information for others (ability to tan, score of mole numbers). Given the small number of surrogate reports by relatives, these differences are probably explained by chance.
To assess the degree of error indicated by these correlations, we calculated the probabilities of misclassification by surrogates for questions on ability to tan, with the highest self-surrogate concordance (pc = 0.60), and moliness score, with somewhat lower concordance (pc = 0.45), under the assumption that self-report is the more accurate method (Table III) . Although the overall percentage of exact agreement was similar for the two variables (51% and 52%), surrogates were better at scoring relatives in the extremes of the distribution of tanning ability than those in the extreme moliness categories: probands agreed with 50% of relatives who said they did not tan at all or tanned very deeply, but agreed with only 30% of those who said they had no moles, or very many moles.
Quality of probands' surrogate reports was assessed according to whether or not probands reported at least one first degree relative with melanoma. Probands who reported a positive family history were consistently better able to report their relatives' melanoma risk factors than were probands who indicated no family history (Table IV) . For example, for the question on average propensity to burn, the correlation between surrogate and self-reports was 0.51 for probands with no family history compared with 0.60 for probands with a family history (P<0.05).
We subdivided probands' surrogate reports into those which agreed exactly with relatives' self-reported melanoma risk factors, disagreed in the direction of greater risk, or disagreed in the direction of lower risk (Table IV) . For each item in Table IV , the upper end of the scale of melanoma risk was defined, respectively, as fair or blonde hair; fair or pale skin; skin which always burns and never tans; skin which does not tan after repeated and prolonged sun exposure; skin which burns severely with blistering after 1 h of unprotected exposure; having very many moles; and history of six or more painful sunburns (Green et al., 1986) . For almost every item, probands who reported a family history achieved a higher percentage of exact agreement than probands without a family history. Regardless of family history, discordant responses for most items were fairly evenly distributed between overstating and understating the relatives' melanoma risk. Exceptions to this were a tendency for probands to understate the number of sunburns their relatives had had, and for probands without a family history to understate relatives' mole numbers.
For most questions, female probands were better at reporting for their relatives than were male probands, and probands were better able to report on their parents and children than on their siblings (Table V) . With few exceptions, the strength of correlations decreased with increasing age of the proband, broadly grouped as <40 years, 40-69 years, and >,70 years. In general, differences between age groups were not large and few reached statistical significance (data not shown).
Discussion
Our aim was to assess whether surrogate reports of standard melanoma risk factors are an adequate substitute for selfreports in family studies of melanoma aetiology. We did not measure the validity of self-or surrogate reports, but have assumed that self-report will be the more accurate of the two. While this seems in general a reasonable premise, it is also possible that overt phenotypic characteristics such as colouring may sometimes be observed more objectively by a relative than by self. Ultimately self-and surrogate reports must be validated against clinical assessment. We are currently addressing this issue.
Our results probably represent an upper limit for the quality of surrogate reports of melanoma risk factors in family studies. All subjects were alive and residing in eastern Australia at the time of the study, presumably allowing the opportunity for direct communication between the various correspondents in the family. The quality of surrogate reports of deceased relatives may therefore be somewhat lower than these results would indicate. Further, our sample comprised only the families of melanoma cases, and, as all participants shared a personal or family history of confirmed melanoma, they may have been more aware of melanoma risk factors than, say, the families of non-melanoma controls. This is consistent with our finding that probands with an affected relative were better able to reproduce their family's self-reported risk factors than were probands without such a family history. Positive family history probands may have been more thoughtful about their relatives' risk of melanoma, and more inclined to discuss their answers with their relatives, although we have no evidence that this in fact occurred.
Overall, female probands agreed more often with their relatives than did males, and agreement for both sexes was higher when probands reported on their parents or children than when they reported on their siblings, perhaps reflecting closer family ties enjoyed by women, and more regular contact between parents and adult children than between adult siblings.
Perhaps probands were unable to rate their relatives' probable degree of sunburn if they were on the beach in the strong sun for 1 h in the middle of the day, without protection, for the first time in summer. The low concordance for this question is probably due to its somewhat long and complicated wording and hypothetical nature. Little additional information is gained from this item that is not contained in the questions on average propensity to burn and ability to tan, and there seems little justification for including it in a questionnaire to surrogate respondents. Number of painful sunburns had the lowest concordance of any item, indicating that probands' reports of relatives' sunburns are unlikely to be a reliable measure of the relative's history of this measure of excessive sun exposure. The number of moles that a person exhibits is the strongest known phenotypic predictor of melanoma risk, and a potential confounder in any study of environmental exposures and melanoma. When, as is usually the case, it is impossible to obtain clinical measurements or even self-reports of mole numbers from all subjects, surrogate reports will remain the only alternative. A four-point rating of mole numbers showed low concordance in this study, no doubt reflecting the poor ability of subjects to recognise and count their own lesions (Green & Swerdlow, 1989) , as well as misclassification by surrogates. Our questionnaires included descriptions and good quality colour photographs or moles and freckles, and graphical illustrations of the four moliness categories, and it is difficult to imagine how the accuracy of responses to this question might be further improved. Of most concern is our finding that the use of surrogate reports may bias comparisons of mole numbers between families, due to a tendency for negative family history probands to understate their relatives' mole numbers. One possible theory for the familial aggregation of melanoma is the inheritance of a propensity to produce moles. The bias we have observed would tend to favour this hypothesis by leading to underestimates of mole numbers among families without a melanoma history. This suggests that surrogate reports of moliness scores should be verified separately among positive and negative history families to enable adjustment of risk estimates for differential error rates.
Arguments of cost, time, and convenience dictate that family studies of cancer aetiology commonly rely on probands for information about risk factors in that potentially large group of relatives who are deceased, uncontactable, or unwilling to participate. Similarly, relatives may be called upon to provide information for unavailable probands. The validity of this approach in family studies of the aetiology of melanoma has not previously been examined. The present investigation indicates that even for those melanoma risk factors with the highest self-surrogate concordance (hair colour, skin colour, average propensity to burn, and ability to tan), relatives in the extremes of the exposure distributions, which have the greatest influence on study power and effect estimates (Walker & Blettner, 1985) , are correctly classified by probands only about half of the time at most, implying that surrogate reports of relatives' risk factors may considerably dilute risk estimates and trends. When the use of surrogate reports is unavoidable, these should be validated against direct clinical measurements in a subsample of subjects, and results should be interpreted cautiously in the light of potentially high rates of misclassification. 
